The surface hardness level of a denture base material is related to resistance of abrasion, scratch, polishing and water sorption. Nowadays, thermoplastic nylon resins and heat-cured acrylic resins are used as denture base materials. Denture base must be immersed in water to maintain its humidity. The objective of this research was to compare the surface hardness level between thermoplastic nylon resins and heat-cured acrylic resins. Materials used for the research were thermoplastic nylon resins from Valplast and heat-cured acrylic resins QC-20, with sample size of 64x(10±0.03)x(2.5±0.03) mm. Surface hardness is measured with Vickers Microhardness Tester and the data were analyzed by ANOVA method. The results showed that comparison ratio of surface hardness level between thermoplastic nylon resins and heat-cured acrylic resins before immersion is 3.2:7.3 VHN respectively, while the comparison value of both resins after immersion is 2.8:6.6 VHN. In conclusion, the surface hardness level of thermoplastic nylon resins is lower compared to heat-cured acrylic resins. This result is due to thermoplastic nylon resin's higher porosity, its different polymer chains, and the plasticizers effect after immersion in water.
INTRODUCTION
Base is an important part of denture since it plays a role as a supporter of the tissues around teeth.
1 The base material of denture has been developed in order to fulfill some base criteria of ideal denture which have to meet some physical and mechanical requirements. Some requirements that have to be fulfilled are no color change, low porosity, stability on dimension change, non toxic, depression strength and high hardness, low water sorption, and rigidness for producing good stability. [2] [3] [4] A popular material for denture base nowadays is made of thermoplastic nylon resin. One of thermoplastic nylon resin brand is Valplast.
Besides thermoplastic nylon resin, another base material for denture that has been used over the past 60 years in dentistry is heat-cured acrylic resin.
5 Acrylic resin commonly has monomer remains after polymerization. The monomer remains can act as plasticizer so that it can influence the physical and mechanical natures of acrylic resin. [5] [6] [7] Water absorption in resin can also act as plasticizer which is able to change the mechanic nature of the resin. 8, 9 Porosity and high water absorption will facilitate debris and organic materials to attach on denture base, and they can make resin more plastic and flexible as well.
9,10 Porosity in denture base, whether the base is made of thermoplastic nylon resin or heat-cured acrylic resin, can enhance water absorption since denture base is always in contact with mouth liquid and it is suggested to soak it in water or in denture cleaner liquid during night time. Water absorption may cause surface hardness of its base's plate reduces. Besides, porosity will also influence the hardness of denture base's surface.
5,7

MATERIALS AND METHODS
The material used in this research was thermoplastic nylon resin, Valplast brand and heat-cured acrylic resin QC-20 brand. The number of samples were 5 plates of thermoplastic nylon resin and 5 plates of heat-cured acrylic resin, size 64x(10±0.03)x(2.5±0.03) mm. The samples were softened and polished with the same treatment.
After polishing, surface hardness of the samples were tested in order to get early number of surface hardness, then the samples were soaked in aquades for two days with temperature 37±1 0 C. 11,12 After two-day soaking, another surface hardness test was conducted using Vickers Microhardness Tester. Vickers Hardness Number was got by dividing the force with indentation result area. The equation is as follow: 
RESULT
The comparison of surface hardness number of thermoplastic nylon resin and heat-cured acrylic resin before soaking was 3.2:7.3 VHN. After they were soaked for 2 days, the result was, the comparison of surface hardness number of thermoplastic nylon resin and heat-cured acrylic resin was 2.8:6.6 VHN.
DISCUSSION
The study on different resin materials, between thermoplastic nylon resin and heat-cured acrylic resin before soaking gives a significant effect on surface hardness number. The research result shows that the surface hardness number of thermoplastic nylon resin is lower than heat-cured acrylic resin. One of the causes of surface hardness number's difference between thermoplastic nylon resin and heat-cured acrylic resin is the porosity difference which is formed in thermoplastic nylon resin and heat-cured acrylic resin. This is in line with Illmida 15 that indicated thermoplastic nylon resin porosity is higher than heat-cured acrylic resin, that is 1.9:1.
Higher porosity in thermoplastic nylon resin may be caused by the injection method which is not suitable with the manufacturer procedure suggestion and the monomer ratio which is higher than polymer. The number of monomer which is more than polymer is intended to enhance the stream energy of the dough when it is poured into the mould. Besides, thermoplastic nylon resin also contains linear tie (single polymeric chain) in which hexamethylenadiamine and carboxyl acid in thermoplastic nylon resin will form long tied polyamide. 16, 17 The linear tie in thermoplastic nylon resin is weaker than branched, cross-linking ties, and the network formed in polymer. The linear tie in thermoplastic nylon resin is not durable enough to solvent and surface pressure compared to other types of polymer ties.
3,16
Higher surface hardness in heat-cured acrylic resin compared to thermoplastic nylon resin is caused by the addition of cross-linking material in the acrylic resin, diethyl glycol dimetacrilat 1-2%. 3 The cross-linking material can enhance surface hardness and reduce water absorption amount of an denture base.
4 Polymer with more cross-linking will be brittle, harder, and more durable to solvent than polymer without cross-linking.
2 Polymer cross-linking tie is formed by crossed-linking homopolymer with linear chain of single cross-linking material until it forms three dimensional structure with strong ties between the chains.
After 2-day soaking, the surface hardness number of thermoplastic nylon resin was lower than heat-cured acrylic resin. The 2-day soaking in water is intended to find out the effect of water absorption on surface hardness nature in thermoplastic nylon resin and heat-cured acrylic resin. 7 The possible reason to describe the reduction of resin surface hardness number after it was soaked in water was, water gives plasticizer effect to resin. Lower surface hardness in thermoplastic nylon resin than heat-cured acrylic resin after 2-day soaking was affected by higher porosity in thermoplastic nylon resin.
In its development, although the nature of thermoplastic nylon resin has been updated by adding glass reinforced nylon material (glass or fiber) in order to reduce water absorption, but the fiber in thermoplastic nylon resin has the ability to absorb water. This might be a factor that causes the reduction of thermoplastic nylon resin surface hardness after 2 day soaking.
18
The reduction of heat-cured acrylic resin surface hardness after 2 day soaking might be caused by water that acts as plasticizer. Water diffuses into polymer so it loosens polymer chain tie and reduces the mechanical nature of polymer that was surface hardness.
19 When heat-cured acrylic resin was soaked, monomer residue was released and water absorption happened at the same time. This process facilitates water diffusion into the polymer. Besides, the time of soaking also affects the amount of water that diffuses into the polymer. According to Azevedo et al. 7 reduction of surface hardness can be noticed after it was soaked for 2 days.
7 Cross-linking tie in heatcured acrylic was not easily degraded by water absorption, while linear tie in thermoplastic nylon resin was not durable enough to solvent and surface pressure. Besides, thermoplastic nylon resin was basically hygroscopic. Humidity as the result of water absorption was able to reduce resin mechanic nature, that is, surface hardness. 1, 3, 16, 18 The surface hardness number of thermoplastic nylon resin or heat-cured acrylic resin that had been soaked in water will reduce. The conclusion based on t-test was, there was a significant difference for both resins after they were soaked in water. Surface hardness number reduction in soaked thermoplastic nylon resin was 9.585% and in heat-cured acrylic resin was 12.938%.
The surface hardness reduction in soaked thermoplastic nylon resin was 9.585%. It was caused by higher porosity in thermoplastic nylon resin, and the existence of glass reinforced nylon in Valplast composition for 0.00001% (mineral dye). Glass reinforced nylon was added in order to repair water absorption in the material, but in fact, glass reinforced nylon was hygroscopic.
17
Humidity as the result of water absorption can reduce resin's mechanical nature, that was, surface hardness. 1, 3, 16, 18 The surface hardness reduction in soaked heat-cured acrylic resin is 12.938. It is caused by monomer remains in the material. Heat-cured acrylic resin contains monomer remains for 0.2-0.5%.
2 During polymerization process, not all monomers are converted into resin polymerization. The monomer remains can act as plasticizer which can affect the mechanical nature of denture base since it can reduce the tie force between chains so that it will be easier to have form change when mass is given during surface hardness test. 7, 20 Besides affecting surface hardness, monomer remains may cause porosity which facilitates water diffusion into polymer.
CONCLUSION
The surface hardness of thermoplastic nylon resin is lower than heat-cured acrylic resin, before or after soaking. This may be caused by different material composition of each resin. Besides, the different surface hardness number may be caused by polymerization method and polymer chain ties that are formed after polymerization.
